H istorically, nonoperative treatment with functional bracing has been recommended for most closed diaphyseal humerus fractures. In 2000, Sarmiento et al 1 showed that functional bracing had high rates of union and low rates of functional debilitation. However, in 2006, Ekholm et al 2 reported a 20% nonunion rate with closed treatment of simple diaphyseal humerus fractures. Their series also showed that nearly 50% of all nonunions were elementary midshaft fracture patterns, a finding substantiated by Koch et al. 3 Furthermore, Ring et al 4 showed that most nonunions after nonoperative management were associated with spiral/oblique fracture patterns.
With multiple nonoperative treatment protocols, discrepancies in nonunion rates, lack of high-level functional assessments, and modernization of implants and operative techniques, the authors hypothesized that a significant number of closed diaphyseal humerus fractures are being treated surgically. This study was performed to assess surgical fixation rates as recorded by national trauma centers and to determine factors that influence operative vs nonoperative management.
Materials and Methods
The National Trauma Data Bank (NTDB), version 7.1, released in May 2008, was used as the data source for this study. The NTDB includes more than 2.7 million cases obtained from more than 900 trauma centers throughout the United States. It is compiled by the American College of Surgeons and has its roots in the Major Trauma Outcome Study. 5 Data are maintained and undergo quality assurance by the American College of Surgeons. The NTDB contains information on patients admitted for acute trauma, including demographics, preexisting comorbidities, emergency department care, injury severity, inpatient information, operating room records, and hospital charges. No follow-up data are provided on patients once they are discharged from the hospital after traumatic injury. As of 2002, there were 1154 trauma centers in the United States. Trauma center participation in the NTDB is voluntary; therefore, these data are a convenience sample.
The NTDB is a reliable source and has been used and referenced in more than 170 publications in varying disciplines (PubMed search: National Trauma Data Bank). The data and figures used to conduct this study remain the property of the NTDB and the American College of Surgeons. More information about the history of the NTDB and the nature of data collected is available at the NTDB website (http://www.ntdb.org).
The 
results
A total of 2312 patients were associated with ICD-9 code 812.21. Of these, 1662 patients had a documented procedure code and were included in the analysis. Surgical treatment of humeral shaft fractures was performed during the initial hospitalization in 779 patients (47%). Mean age was 43.5 years in the operative group and 40.1 years in the nonoperative group (P=.007). Of 1125 white patients, 555 (49%) underwent surgery, whereas 170 of 431 (39%) nonwhite patients underwent operative management (P<.001; odds ratio, 1.5; 95% confidence interval [CI], 1.19-1.87) ( Table 1) . There was no difference in the risk of compartment syndrome, pulmonary embolism, deep venous thrombosis, wound infection, myocardial infarction, pneumonia, or acute respiratory distress syndrome. Comorbid conditions and geographic regions (as provided by the NTDB) were included and did not predict treatment type (P>.05). Mean Injury Severity Score (an anatomic scoring system that provides a relative score for degree of injury for pa- Of the 768 patients who underwent surgical fixation, 600 (78%) were discharged to home and 168 (22%) were discharged to a postoperative care facility, whereas of the 860 cases treated nonoperatively, 267 (31%) were discharged to a secondary facility and 593 (69%) were discharged to home (P<.001; odds ratio, 0.62; 95% CI, 0.50-0.78) ( Table 2) . Subgroup analysis of the 1662 humeral shaft fractures was performed with only those patients associated with the single ICD-9 code 812.21 (eg, no associated injuries). Of the 1662 cases, 726 were associated with a single ICD-9 code ( Table  3 ). The same analysis was performed. Mean age was 46.3 years for those who underwent operative management vs 42.2 years for those who underwent nonoperative management (P=.04). Of 526 white patients, 287 (55%) underwent surgery, whereas 71 of 170 (42%) nonwhite patients underwent operative management (P=.005; odds ratio, 1.67; 95% CI, 1.18-2.37). There was no significant difference in the development of compartment syndrome, pulmonary embolism, deep venous thrombosis, myocardial infarction, pneumonia, acute respiratory distress syndrome, or wound infection between operative and nonoperative groups. Mean Injury Severity Score was 6.22 for the operative group and 5.61 for the nonoperative group (P=.004). Of 238 patients treated at a Level I trauma center, 119 (50%) were treated operatively, whereas 117 of 182 (64%) treated at a Level II trauma center underwent surgical management (P=.005; odds ratio, 0.56; 95% CI, 0.37-0.83). Mean length of stay was 3.3 days for those undergoing surgery vs 3.1 days in those treated nonoperatively (P=.42). Of 382 patients who underwent operative fixation, 298 were discharged to home (78%), compared with 244 of 349 patients (70%) who were treated nonoperatively (P=.02; odds ratio, 0.66; 95% CI, 0.47-0.91). Of the 385 patients who underwent surgical fixation, 170 were male and 251 were female. A total of 353 patients were treated nonoperatively, 158 male and 195 female (P=.24) ( Table 4) .
discussion
The rate of surgical fixation for isolated closed diaphyseal humerus fractures on initial admission to a trauma center is nearly 50%, which is significantly higher than anticipated, given current recommendations for nonoperative management. Race seems to affect whether a patient receives operative treatment, with white patients being more likely than nonwhite patients to be treated operatively. Interestingly, in both analyses, patients presenting to a Level I trauma center were less likely to have surgical treatment compared with those presenting to a non-Level I trauma center. A possible reason for this discrepancy is that Level I trauma centers may triage closed midshaft humerus fractures to outpatient treatment because of operating room availability. Another possibility is that Level I trauma centers are more likely to triage patients to nonoperative management to allow treatment of more emergent cases. In 2002, Tinkoff et al 6 showed that certain patients, such as those with both gunshot wounds and systolic blood pressure less than 90 mm Hg, required urgent attention and intensive care unit admission at Level I trauma centers. The study population would not meet these criteria, and for this reason, a Level I trauma center may triage more patients with isolated midshaft humerus fractures to nonoperative management.
When the analysis was performed for disposition, more patients who underwent surgical fixation were discharged to home vs inpatient rehabilitation. This has a significant effect on cost and burden to the health care system. Previous literature on disposition after surgery focused on patients after total joint arthroplasty. In the 1980s, hospitals were paid on a "costplus" basis and were reimbursed for all services provided. However, with the institution of cost-diagnosis bundling with the use of the diagnosis-related group to help mitigate rising health costs, hospitals have been incentivized to decrease length of stay and send patients to inpatient rehabilitation. 7 In 2008, Mahomed et al 8 performed a randomized controlled trial of costs and patient outcomes for home-based vs inpatient rehabilitation after knee arthroplasty. The authors found that the cost of arthroplasty with inpatient rehabilitation (in Canadian dollars) was $14,532 vs $11,082 for arthroplasty and home-based therapy. Rehabilitation costs alone were $891 for home-based therapy, whereas the cost of inpatient rehabilitation was $5120. 8 To the authors' knowledge, this is the first study to suggest that patients who undergo operative fixation of closed midshaft humerus fractures have a higher likelihood of discharge to home. Extrapolating the costs of rehabilitation as studied in total joint arthroplasty suggests that operative fixation of closed isolated humerus fractures can decrease total health care costs. Further studies are needed to determine the cost of operative vs nonoperative treatment of closed humerus fractures.
Another finding was that race seems to play a role in determining the choice of intervention. A study performed in 2008 showed that nonwhite patients reported less access to quality health care as a result of self-reported key barriers, including economic factors, disrespect by medical practitioners, and level of education. 9 Other studies have shown that nonwhite patients tend to view the medical profession with more skepticism, and as a result, these patients may prefer nonoperative management.
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Limitations
Limitations of the study included the standard limitations of any database study, such as coding and database entry errors. The authors used the NTDB, but have no reason to believe that the data would be miscoded at a greater rate in either group. To allow for inclusion, the coding for operative fixation was expanded to account for both open and percutaneous fixation. Furthermore, the database does not provide functional outcome measures, so the authors could not determine whether there was a clinical difference in patients who underwent operative vs nonoperative treatment. The database also does not provide information about conversion of patients who were treated nonoperatively to operative fixation after discharge. There- fore, the rate of surgical management of humerus fractures may actually be higher that what was reported.
conclusion
The current series provided a comprehensive view of the acute management of closed diaphyseal humerus fractures at US trauma centers. The number of patients managed operatively was greater than anticipated, given current treatment guidelines. Operative management did not increase the length of stay or the rate of wound complications. Race appears to be a factor in management, although the reasons for such a difference remain unclear. Furthermore, this study provided evidence that surgical intervention may facilitate discharge to home, which has financial implications. Further studies are needed to provide a cost-benefit analysis of operative management and ultimately to identify the clinical outcomes associated with early operative fixation.
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